Abstract-This paper presents Differential Voltage current conveyor transconductance amplifier (DVCCTA) voltage mode wave active filter. This method emulates reflected and incident wave for basic building block i.e. series inductor which may then be configured for other passive element realization. The functionality of the proposed method is verified for a 4 th order low pass prototype filter using SPICE simulation with 0.25µm TSMC CMOS technology parameters.
I. INTRODUCTION
The designing of electronic circuits with increasingly complex requirements, the desirability of low supply voltages and power consumption become the limiting factor in the design, particularly when extreme speed or accurate signal processing are required. The simultaneous fulfilment of seemingly contradictory requirement has led to the evolution of various trends in the analog signal processing applications. The current mode approach for analog signal processing circuits and systems has emerged as an alternate method besides the traditional voltage mode circuits [1] due to their potential performance features like wide bandwidth, less circuit complexity, wide dynamic range, low power consumption and high operating speed. The current mode active elements are appropriate to operate with signals in current or voltage or mixed mode, and are gaining acceptance as building blocks in high performance circuit designs which is clear from the availability of wide variety of current mode active elements [2] - [9] .
Recently, some analog building blocks in open literature are obtained by cascading of various current conveyor blocks with transconductance amplifier (TA) block in monolithic chip for compact implementation of signal processing circuits and systems. Current conveyor transconductance amplifier (CCTA) [10] , [11] , differential voltage current conveyor transconductance amplifier (DVCCTA) [12] , are example of such building blocks. This paper presents an approach for implementation of DVCCTA based high order wave active filter. The wave active filter design is an alternative approach to the simulation of resistively terminated LC ladder filter [13] [14] [15] . In this method, the filter is realized by simulating the forward and reflected voltage wave present in the prototype filter. A DVCCTA based wave equivalent is developed for an inductor in series branch which may then be configured for other passive element realization by making suitable connection. The complete realization uses all grounded passive elements, which is beneficial from IC implementation viewpoint. A fourth order Butterworth filter has been designed using the outlined approach and the functionality has been verified through spice simulation using 0.25 µm TSMC CMOS technology parameters.
II. BASIC WAVE EQUIVALENT USING DVCCTA

A. DVCCTA
The DVCCTA [12] is consists of differential amplifier, and transconductance amplifier. The port relationships of the DVCCTA as shown in Fig. 1 can be characterized by the following matrix 
B. Basic Wave Equivalent
In wave method, the forward and reflected voltage waves are used to define the functionality of the filter. The incident and reflected voltage waves are depicted as A j and B j respectively for two port network of Fig. 3 and are related by the following relation:
Equation (3) can be expressed in terms of scattering matrix as
The basic element for the developing wave active filter is a series inductor L. It can be described in terms of scattering parameter as
The relationship between incident (A j , j=1,2) and the reflected wave (B j. j=1,2) of a series inductor may be obtained from (4) and (5) as ( )
Where R L 2 / = τ is time constant and R is represents port resistance. The implementation of (6) and (7) .Using (6), (7) and (8), the value of C d may be computed as
Assuming R = R d , the value of capacitor C d may be expressed as
The block 2 in Fig. 4 performs subtraction operation and presents output voltage as 
The symbolic representation of the wave element is shown in Fig. 4(b) . It may be noted that the proposed implementation uses significantly lesser number of resistor than the earlier reported structures [13] - [15] .
III. REALIZATION OF PASSIVE COMPONENTS
The structure shown in Fig. 4 can be used as the basic building block for deriving the wave equivalent of other reactive elements. The wave equivalent for series and shunt inductor and capacitor are given in Table 1 which can be obtained by swapping outputs and signal inversion. The design of wave active filter starts with the selection of prototype filter based on specifications. The individual inductors or capacitors are replaced by their wave equivalents from Table 1 [13]- [15] . The complete filter schematic is then obtained by simply cascading the wave equivalents. 
IV. SIMULATION
To demonstrate the method outlined in section 2 and 3, a fourth order low pass filter of Fig. 6 has been simulated using DVCCTA based wave equivalent and inverter as discussed in section 2 using 0.25µm TSMC CMOS technology parameters and power supply of ±1.25V. The aspect ratios of various transistors of DVCCTA are listed in Table. 2. Fig. 7 and 8 show the simulated low pass responses (V out ) and its complementary high pass response (V out,c ) respectively.
To study the time domain behaviour, input signal comprised of two frequencies of 50 KHz and 500 KHz is applied. Signal amplitude was 50 mV each. The frequency spectrum for input and output is shown in Fig. 9 , which clearly shows that the 500 KHz signal is significantly attenuated. The proposed circuit is also tested to judge the level of harmonic distortion at the output of the signal. The %THD of the output is low and within acceptable limit of 7% up to about 250mV. 
V. CONCLUSION
The wave method based high order voltage mode filter implementation is presented which uses DVCCTA as active
Transistors
Aspect ratio (W(µm)/L(µm)) M1-M4  M5-M9, M15-M16  M10 -M11  M12 -M14, M17 -M18  M19 -M20, M27 -M28  M23 -M24, M31 -M32, M21 , M29  M25 -M26, M33 - block. A series inductor wave equivalent based on DVCCTA is proposed as it is basic building block. The realization so obtained is then configured for other passive element realization by making suitable connections. It may be noted that the complete realization uses all grounded passive elements which is beneficial from IC implementation viewpoint. The proposed structure uses grounded capacitors. The proposed approach is verified for a 4 th order low pass filter through SPICE simulation using 0.25µm CMOS technology parameters. 
